An overview is given of mass wasting features along the slopes of the Sea of Marmara, Turkey, based on new data and previously published information. The Sea of Marmara is characterized by active tectonics along the North Anatolian Fault and by eustatic sea level changes controlling the connections both to the Mediterranean and Black Sea (i.e. lacustrine and marine conditions during sea-level low and high stands, respectively). High resolution bathymetric data, subsurface echosounder and seismic reflection profiling, seafloor visual observations, as well as stratigraphic analysis of sediment cores have been used to identify, map and date submarine slope failures and mass wasting deposits. Gravity mass movements are widespread on the steep slopes of the Sea of Marmara, and range from small scale slope failures, mainly located within the canyons, to wider unstable areas (20 to 80 km 2 ). The largest mass wasting features, i.e. the Tuzla, Ganos and Yalova complexes, have been analyzed in connection with crustal deformation. These gravitational gliding masses are probably induced by the transtensional deformation within the crust. Moreover, age determination of landslides and debris flows indicate that they were more frequent during the last transgressive phase, when the rate of terrigenous sediments supplied by the canyons to the deep basin was higher. We discuss these results taking into account activity, pre-conditioning and trigger mechanisms for slope instability with respect to tectonics and paleo-environmental changes induced by sea-level oscillations.
Introduction
Massive slope instabilities are very common on continental slopes. They control the seafloor morphology and have a substantial role in terms of natural hazards. Sediment mass wasting features are usually distinguished as instantaneous mass failures on the one hand (including rock avalanches, slides and slumps) and mass flows on the other hand, either cohesive (debris and mud flows) or non-cohesive (i.e. turbidity currents) (Coussot and Meunier, 1996 and Cochonat, 1996) . These distinctions reflect differences in the deformation processes, depending on the characteristics of the solid component and the water content. Although many types of mass movements are included in the general term "landslide", submarine slides, either translational or rotational, should be restricted to consolidated material sliding above a slip or "decollement" surface. Creep is a particular type of mass flow defined by a very slow gravity-driven downward motion of slope caused by shear deformation (Flood et al., 1993, Lee and Chough, 2001 and Lee et al., 2002) . Creep is associated with sediment waves on the seafloor, although these can also be related to other processes such as contourite or turbidity-currents (Lee et al., 2002) . All of these processes generally grade into one another during transport, so that they may occur sequentially during a single destabilization event.
Little is known about triggers of deepwater failures. However, numerous studies demonstrate that the importance and recurrence of mass wasting on continental slopes depend on multiple factors such as lithology, structural inheritance, seismicity, tectonic activity, sedimentary input, eustatism, or fluid overpressure (Piper et proposing different interpretations. More recently, a detailed analysis of these undulations, based on 152 high resolution seismic data, concluded that these sediment waves correspond to slow gravity-driven 153 downslope creep (Shilington et al., 2012) . 154
This study integrates marine datasets acquired during several cruises in the Sea of Marmara. 157
Morphological analysis is based on multibeam bathymetric and backscatter data. These data were 158 acquired from the Marmara Cruise in 2000 using a 30 kHz multibeam SIMRAD 159 EM300 system for which a Digital Elevation Model (DEM) with 38 m grid resolution was generated. 160
Shaded bathymetry and maps of slope gradient and slope aspect were automatically created using 161 the ArcGIS spatial analyst tool. Average slopes were determined within polygonal areas defined by a 162 similar slope along the margins of the main basins and on landslides (Tab. 1). High 163 resolution chirp profiling (with a hull-mounted 3.5 kHz echosounder) was obtained during the 164 radiographs of several cores were obtained with the SCOPIX system of Bordeaux University to reveal 171 internal structures. Core MD042737 was also subsampled every 40 cm, around the supposed depth 172
i.e. within the last 10 metres of the core), and these subsamples 173 were sieved and smear slides were made. Nanno fossils and diatoms were studied on the smear 174 slides. Other fossils were picked from the 150 m fraction. 175
Mass wasting features can be identified from high resolution bathymetry (McAdoo et al., 2000) . 176
Slides and slumps generally display sharp boundaries both upslope and downslope. They display 177 concave-downslope scar failures, with a steep headwall scarp (Fig. 2a) . Mass flows (debris flows, mud 178 flows and turbidites) can be more difficult to identify in the bathymetric data when they lack clear 179 distal toes (Loncke et al., 2009b) . In this case, high resolution seismic profiling, such as 3.5 kHz data, 180 correlated with piston coring data is necessary to constrain the basinal extension of the features. On 181 echo-sounder profiles, different echo-types can correspond to mass transport deposits (Fig. 2b) Marmara in this study are also presented in Table 2 together with references to previous studies. Although less steep than the northern slope, the southern slope with an average 238 slope also affected by numerous instabilities (Fig. 4) . (Fig. 6 ). In this part of the slope there are also several recent small 250 rock debris accumulations from rock avalanches that are not yet covered by hemipelagic sediments. 251 0, the slope is affected by faults, perpendicular to the slope direction, 252 forming a broad zone of 118 km 2 in area (feature 27 on Fig. 3, Fig. 4 ). This area is located above a 253 deep-seated transtensional shear zone, and the deformation of the seafloor may result from a 254 combination of slope failure and tectonic motion. In this latter case, the faults observed on the 255 bathymetry probably correspond to en-échelon normal faults induced by the transtensional 256 deformation (Géli et al., 2008) . 257 cliff of Palaeozoic sediments, fallen blocks varying sizes from tens of centimetres to metre size 258 boulders and slabs are commonly observed to be covered by a 1 to 10 cm sediment blanket (Fig. 7) . 259 (see core location in Fig. 9 ), contain several silty-turbidite sequences, coarse shelly sand layers, and 288 thick sandy or muddy layers with clay pebbles and mud clasts interpreted as a debris flow (Fig. 10) . 289
This debris flow facies is found at depths varying between 200 and 600 cm (Fig. 10) . Considering the 290 average sedimentation since the lacustrine to marine transition in the cores, the debris flow may 291 correspond to a single event that occurred during the Holocene marine episode, but could not be 292 precisely dated. Several deeper coarser sand beds with abundant Dreissena sp. shells are observed 293 within the cores MD042737 and MD042740. In core MD042737, the marine-lacustrine transition is 294 deduced from observations of micro and nanno fossils (foraminifera, ostracodes, diatoms) with 295 progressive salinization of the waters between 31.75 and 30.5 m (this depth has been corrected for 296 gas expansion on the basis of observed holes in the core), corresponding to an average 297 sedimentation rate of 2.5 , including mass wasting deposits. Sediment 298 cores have been correlated with 3.5 kHz echosounder data (Fig. 11) . Strong reflections correspond to 299 turbidite sequences containing multiple sand laminae, and to the top of a thick coarse shelly sand 300 layer at the base of the core (around 30 m depth below seafloor at the MD042737 location, i.e. 0.4s 301 twt, Fig. 11 ). Reflections within the lacustrine facies tend to be fuzzy, in contrast to the marine 302 sedimentary sequence that exhibits a well layered acoustic facies (Fig. 11) . 303 A buried transparent lens interbedded within the hemipelagic sediments and the turbidites could be 304 distinguished in several 3.5 kHz echo-sounder profiles running across the toe of the slope on the SE 305 flank of the b, 8 and 10). According to its location, this mass wasting deposit 306 could be related to an arcuate shaped slope failure observed on the NW side of the western High 307 ( Fig. 2a and feature 8 in Fig. 3) .
to the west, we can 308 observe that the tr nding to the 309 transition or shortly afterwards (ca. 14 cal. Ka BP). 311
The canyon network: erosional features 313
We observed numerous canyons and erosional gullies cutting across the slopes and some of the 314 structural highs, with direct pathways to the deep basins. Most canyons and their tributaries 315 originate near the continental-shelf break and extend to the base of the continental slope. They 316 usually have high reflectivity in the EM300 multibeam backscatter images (Fig. 1 Island towards the Central Basin ending in (Fig. 1) , which 331 constitute the submarine extension of the Kocasu. Arcuate submarine slide scars, observed on the 332 walls of the canyons (Fig. 3 and 9) , and scours in the bottom of the thalweg, indicate that erosion 333 within the canyons contribute to the sediment input to the basins (Fig. 9) . Canyon wall instability is 334 observed, notably within the canyons located south of the Central Basin, on the southern side of the 335 of the slope. Acoustically transparent lens shaped bodies with 8 m maximum thickness are found in 337 both canyons that are interpreted as debris flow deposits. On top of these bodies, stratified 338 hemipelagic sediments reach 5m thickness in the western canyon and pinch out towards east. These 339 observations indicate a decrease in the activity of the canyons after the deposition of the debris flow 340 (Fig. 9) ; a conclusion also supported by the generally flat floor of canyons thalwegs, particularly at 341 their mouths, which contrasts with the morphology of presently more active canyons. 342 (Fig. 11) , we have estimated that a large debris flow was deposited 361 also presented evidence here for variations in canyon activity for the case of the southern slope of 363
364
The observation of a -85 m paleoshoreline, notably on the northwestern part of the Izmit Gulf 365 (Ça , suggests that a large part of the present day shelves were exposed during the 366 last glaciation when the Sea of Marmara was disconnected from the Aegean Sea. During this low 367 stand, sedimentation rates were up to three times higher in the basins eeber 368 et al., 2006). We documented that the canyons were transferring coarse sandy material at that time. 369
It can be inferred that they were actively eroding and incising their own channels. The rapid sea-level 370 rise at the end of the last glaciation resulted in temporary sediment storage on the shelves and a 371 sudden decrease of sediment transfer through canyons by turbidity currents. The instability of the 372 recently incised canyon slopes caused debris flows, which still remain visible buried within several 373 canyons (Fig. 9) . Afterward, sediment transfer by turbidity currents resumed, but with smaller fluxes. 374
We cannot rule out that gas hydrate dissociation as a consequence of warming during deglaciation 375 may have contributed to destabilization processes on the slope of the Sea of Marmara. but that strike of the nodal planes of the dominantly normal focal mechanisms is NW-SE (Fig. 12) , 398
( focused on the western triangular part of the Tuzla landslide, which is controlled by normal faulting, 404 whereas fewer seismic events occur eastward (Fig. 12) . This suggests that the occurrence and 405 geometry of the landslide are controlled by active crustal structures. 406
landslides: the Yalova Complex 407
Long term micro-seismic activity is present in a broader swath along the southern edge of 408 Basin, where numerous slope instabilities are observed (features 27, 29, 31, 32 on Fig. 3 ) and at the 409 entrance of the Izmit Gulf (Fig. 12) . This area in particular displays a large mass of creeping sediments 410 (feature 32 on (Fig. 12) . The focal mechanisms below 426 the Ganos complex (see Fig. 11 in are normal and strike slip with a consistent NE-SW 427 direction of extension and, on a cross-section cut along this NE-SW direction appear to deepen north-428 eastward from a very shallow depth at the edge of the complex to 10-15 km depth ( The Ganos Landslide Complex generally slopes north-northeast (Fig. 8) and could indicate a global NE 433 motion of the slide. We suspect a relationship between distributed transtensional deformation in the 434 crust with shallow spreading and slope failure above. 435
Moreover, the Ganos Landslide Complex can be divided into two parts (Fig. 8) : the southern part has 436 northward trending 437 slope. The boundary between the two-sub-landslides corresponds to the linear prolongation of the 438 Ganos fault segment of the NAF (Fig. 8) where micro-seismicity with strike-slip focal mechanism is 439 This study highlights that landslide triggering is dependent on contextual factors that influence the 494 probability of occurrence of slope instabilities in space and time, for instance, the distribution of 495 crustal stress and strain, paleo-environmental conditions and sea-level change. 496
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